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COMPLETE SPECIFICATION. 



Composition to be Applied to Skin and Process for Preparing Same. 



We, Foster-Milburn Company, a cor- 
poration organized under the laws of the 
State of New York, United States of 
America, of 468, Dewitt Street, Buffalo 13, 
5 State of New York, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 

10 m and by the following statement: — 

This invention relates to compositions to 
be applied to the skin of humans and 
domestic animals and having increased per- 
cutaneous absorption through and retention 

15 in the skin and a process for producing such 
compositions. 

More particularly, this invention is 
directed to a preparation for increasing the 
percutaneous absorption and cutaneous re- 

20 tention in the stratum corneum of stable, 
topically active, chemical compounds and a 
process for preparing the same. 

The epithelial layer of human skin, also 
referred to as the epidermis, protects the 

25 more delicate underlying portions of the 
human body from chemical irritation, 
bacterial attack and other various harmful 
external conditions. The outer or surface 
division of the epidermis, called the stratum 

30 corneum or horny layer, acts as the barrier 
to penetration of external substances into 
the body. While it i s essential to human 
health that this relatively impermeable 
barrier be maintained as such, instances arise 

35 where mi increase in skin penetration by a 



selected chemical compound is highly desir- 
able, as for example in the treatment of sub- 
cutaneous inflammation. 

Various methods for increasing the per- 
meability of the skin have been disclosed. 40 
Increased penetration of the epidermis has 
been achieved by occlusion of the skin with 
metal guards or plastic wraps. Tempera- 
ture increases have enchanced the absorp- 
tion of oxygen and methyl salicylate. In- 45 
creases in skin temperature and the relative 
humidity of the adjacent atmosphere have 
resulted in increased penetration of water 
vapor and other substances through the skin. 
Hydration of the skin through water soak- 
ing, for example, has resulted in as much 
as a twelve fold increase in penetration. 

While it is not known why the stratum 
corneum or horny layer acts as such an 
effective barrier it could be said as a general 
rule, until now, that the vehicle in which a 
given chemical compound was dissolved or 
solubilized in had little or no effect on the 
skin penetration rate of the compound. 

In accordance with the invention there is 60 
provided a process for producing a com- 
position to be applied to the skin and hav- 
ing increased percutaneous absorption 
through and retention in skin as hereinafter 
denned which comprises solubilizing a stable, 65 
topically active beneficial chemical com- 
pound as hereinafter defined in a phar- 
maceutically acceptable vehicle having as 
one component an amide having the struc- 
tural formula: 70 



50 



55 
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Once a chemical substance passes through 



OOnce a cnemicai suu»ia"«-^ F ^o r - - - _ 
the horny layer of the epidermis absorp- 60 

m_J N<i £1 ofpeSion through the remammg 

R x_c__ N < «on (B), stratum malpighn 

u, i (C) and stratum germinativum (D) on into 

wherein R l is a hydrogen or methyl radical, y fcst connective tissue beneath the 
R* is a hydrogen or alkyl radical containing idermis> the dermis, and remainder of the o5 

not more than 2 carbon atoms; and R* is b £ d is practic ally quantitative. Below 
5 an alkyl radical containing not more than ]ayer iden tified as A there is very 

2 carbon atoms. . little resistance to penetration or absor^ipn. 

The invention further provides a composi- Jh ^ term percutaneous absorption 
tion to be applied to the skin and having s that a subs tance passes from the top /u 

increased percutaneous absorption through f ±Q skin through the horny layer of the 
10 and retention in skin comprising a stable, idermis> area A of the drawing, into the 

topically active chemical compound which is cellular epidermis and from there into tne 

an anti-acne agent, an . anti-inflammatory ^riuin or dermis. Once ^ substance has 

agent, an anti-cholineric, an emollient, penetrate d through the homy layer this then n 

a" sex hormone, a crude tar, an P, nstitutes percutaneous absorption for the 
15 anti-psoriatic agent or an anti- rposes 0 f this invention. The passage 

metabolite, solubilized in a pharmaceutic- £b/ su bstance on into the conum and into 

ally acceptable vehicle having as one com- ft temic circu lation is considered to be 
pohent an amide having the structural effect or contmumg result of percutane- 80 

formula: 0 us absorption. Absorption mto toehomy 

O layer alone with no immediate further ab- 

20 R 2 sorption or penetration deeper mto the epi- 

R1 _C_N< Sis is not considered to be percuteneous 

R 3 absorption but is referred to rather as reten- 85 

wherein R* is a hydrogen or. peth£radical tion retention> the n, refers to absorp- 

R= is a hydrogen or alkyl radical contammg ^^^es into the horny layer alone 

not more than 2 carbon atoms; and R 3 a ^^faSKXirous passage into the 

an alkyl radical containing not more than 2 w^Hurtto contmuog P d £ ^ 9Q 

25 -aSTo! the amides which may be ^^$Bg^&££. 

utilized in the process of this mven ion are res ™ ^^Xstood, of course, that 

N,N-dimethyl formamide, N-methyl form- It should be unaer* ^ 

amide. N.N-diethyl acetamide N-ethyl over a P^^^SL* origm- 95 

30 formamide. N-ethyl M acetamide N.N- rate oJiggPgWOT fa e layer so that 
diethyl acetamide N,N-d,methyl acet- ally retamed Q ™ f ^^ous ab sorp- 

amide and N-methyl acetamide The f^ e *™ T ™S ™ d P rese rvoir build up 

The most preferred amide is N,N-dimethyI tion. < n wance 
acetamide. , In nature when a penetratable substance 
Preferably 0.001% by weight to 80% by is applied to the skin, an extremely -snug 
weiSt of the topically active chemical com- percentage of the substance is ' absorbed into 

40 pound is solubilized in from 99.999% by fhe horny layer and retained there An 105 
weightto20%byweightofapharmaceut c- even smaller percentage of *e f bstence 
X acceptable vehicle. The pharmaceutic- absorbed into the horny layer passes through 
ally Testable vehicle may oomprise the the homy layer into the layers 
amide alone but will preferably contain 25% B , C and D and thence on mtothe systemic 

45 to 95% amide. The skin is contacted with circulation of the human. Thus. ^ were m iiu 
the composition for about 15 seconds. both natural retention and percutaneous 

The accompanying drawing is presented absorption, 
to facilitate an understanding of the inyen- The mvent ion provides for a surprising 
tion. The drawing is a diagrammatic lllus- bsaeax m the rate of percutaneous absorp- 

50 tration of a cross sectional view of the tjon and reten tion and m the amount : or ixd 
anatomy of epidermis, highly magnified. pene tratable substance actually absorbed. 
The stratum corneum (A) is the^ outer di- substances referred to herein as 

vision of the epidermis composed of dead topically active chemical compounds 

epithelial cells and referred to generally Jfg n S a i comical substances which can 

55 hereinafter as. the horny layer. All the ^^RpU^Oj to the skin for die pur- 120 
barrier properties of the skin, i.e., resistance &eappi ™ J ^ rface or subsurface 
to penetration, exist in the cellular layer P?se of me ™ ^ disturbances or cr eat- 
identified as A in the drawing. ulscaa 3 
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ing skin conditions helpful in alleviating 
harmful or annoying external factors. 

These topically active chemical com- 
pounds are stable when solubilized in the 

5 class of amides set forth above. This does 
not mean that these compounds must have 
long periods or shelf life, when incorpor- 
ated in the application medium, as is gener- 
ally understood concerning stability in the 

10 pharmaceutical industry. Rather for the 
purposes of this specification by stability is 
meant that the compounds will not react 
readily or otherwise become unstable with- 
in the short time period necessary to solu- 

15 bilize the compounds in the lower alkyl 
amide preparations and apply the prepara- 
tions to the skin. 

By the term solubilized is mean that the 
stable topically active compounds of this 

20 invention must have the ability to be dis- 
solved or held in suspension by normal mix- 
ing or shaking operations in the operable 
class of amides set forth above, to the extent 
of about 0.001% by weight of stable, topic- 

25 ally active compound in the amide. 

Generally speaking many chemicals are 
useful in treating surface and subsurface 
conditions by topical application and can 
be made more effective if both their per- 

30 cutaneous absorption and retention rates are 
increased such that greater concentrations 
of the chemical will penetrate through the 
horny layer and also be retained in the 
horny layer. 

35 Antimicrobial agents, anti-acne agents, 
antiseborrheic agents, antipsoriatic agents, 
anticholinergics, anti-inflammatory agents, 
antimetabolites, sex hormones, emollients, 
derivatives, extracts and components of 

40 crude coal tar and sunscreens are examples 
of classes of beneficial chemical compounds 
which because of the manner in which they 
are used in topical application exhibit en- 
hanced results or activity due to increases 

45 in the amount of substance and the rate at 
which the substance is percutaneously ab- 
sorbed or retained. 

Anti-inflammatory agents such as tri- 
amcinolone acetonide, fluocinolone aceto- 

50 nide, betamethasone valerate and hydro- 
cortisone are stable, topically active com- 
pounds which exhibit the required charac- 
teristics and are rendered more effective in 
treating inflammatory disorders of the skin 

55 and subsurface areas of the body by in- 
creasing their percutaneous absorption and 
retention. The process of the invention 
renders these compounds five to fifteen times 
more penetratable and since greater amounts 

60 of the steroids are available at the in- 
flammed areas, vasoconstriction of the blood 
vessels is greater with accompanying reduc- 
tion in swelling and less entrance of lymph 
and white blood cells into the affected area. 

65 Anticholinergic drugs when introduced 



into the skin are capable of inhibiting 
sweating. Thus they have been found effec- 
tive in the control of miliaria rubra (prickly 
heat). Actually, ordinary topical applica- 
tions of these drugs alone or in vehicles 70 
other than those utilized in the instant inven- 
tion process will give certain small amount 
of axillary sweat inhibition which is not 
generally satisfactory Experimental data 
shows that l-methyl-3-pyrrolidyl a-phenyl- 75 
cydohexane-glycolate methobromide (other- 
wise known as hexopyronium bromide) was 
compatible with the amides utilized in this 
process and showed greatly increased sweat 
inhibition when applied in accordance there- 80 
with. 

Antimetabolites which have been shown 
to cause clearing in psoriatic lesions and 
have utility in tumor therapy, for example, 
5-fluorouracil, 4-amino-n 10 -methyIpteroyl- 85 
glutamic acid and 6-mercaptopurine have 
been found to be compatible with the amides 
of the process and show vastly increased 
percutaneous absorption and retention when 
applied to skin according to the teachings 90 
of this invention. 

In clinical applications antimicrobial 
agents such as antiparasitic, antibacterial, 
antifungal, antiviral and antirickettsial agents 
have been shown to exhibit increased per- 95 
cutaneous absorption and retention when 
used in the present process. Erythromycin; 
2,2 1 -methylenebis (3,4,6-trichlorophenol); 
3,4 1 ,5-tribromosalicyIanilide; S^'-trichloro- 
carbanilide; nystatin; undecylenic acid; 100 
sulfur; salicylic acid; parachlorometaxylenol; 
2-(4 1 -thiazolyl)-benzimidazole; iodine and 
iodine compounds, as iodochlorhydroxyquin, 
5-iodo-2 1 -deoxyuridine are some of the ex- 
amples of the antimicrobial agents. They 105 
exhibit an outstanding example of the utility 
of this invention, particularly regarding the 
retention factor. When these antimicrobial 
agents are retained on the skin in greater 
concentrations, they build up a continuing, 110 
long-lasting resistance to microbes and keep 
the microbial population at minimal levels 
so as to speed healing and prevent renewed 
infection or attack. 

A series of at least 9 different experiments 115 
were performed to measure the retention of 
hexachlorophene in the stratum corneum or 
horny layer. The experiments involved the 
application of hexachlorophene from suspen- 
sions and solutions of hexachlorophene in 120 
"pHisoHex" (a suspension of 3% hexa- 
chlorophene produced by Wintrhop Labora- 
tories, N.Y., N.Y.), DMA and DEA to the 
forearms, palms and backs of hands. The 
preparations were allowed to remain in con- 125 
tact with the skin for periods of time, vary- 
ing from 15 seconds to as long as 20 minutes 
before the area was washed. Measurements 
were conducted at specified intervals of time 
and the areas were washed with soap and 130 



water in a consistent fashion for each of the 
comparisons that were made. In every 
comparison the preparations applied which 
were in accordance with the invention 
5 showed enhanced retention over the corre- 
sponding preparation which did not utilize 
the amides of this invention. The lowest 
degree of enhancement achieved was about 
a 5-fold increase in retention while enhanced 

10 results showing as high as about a 110-toia 
increase in retention were observed. Similar 
results have been shown for trichloro- 
salicylanilide. Iodine when applied in a 
composition according to the invention also 

15 shows increased retention and therefore ex- 
hibits the beneficial effects discussed above. 
The same is true of special anti-acne and 
antiseborreic preparations particularly those 
containing sulfur as the major pharmaceutic- 

20 ally active compound. Sulfur gives in- 
creased retention when present in a com- 
position according to the invention and 
therefore greater and longer lasting concen- 
trations of this substance can be maintained 

25 in the affected areas of the skin. 

Emollient preparations in accordance with 
the invention, such as for example, lanolin 
and lanolin alcohols and their ethoxylated 
and /or acetylated products; glycerol, glycols 

30 and their derivatives; fatty acids, then- esters, 
their alcohols and their derivatives, show 
increased percutaneous absorption and in- 
creased retention resulting in unproved 
softening and moisturizing effects. 

35 Sex hormones also show increased per- 
cutaneous absorption and retention when 
applied in accordance with the invention. 
Androgens, estrogens and progestogens are 
examples of such hormones. Testosterone 

40 has recently been shown to stimulate the 
growth of scalp hair. Thus increasing the 
amount of testosterone which penetrates to 
the hair follicle root and maintaining its 
reservoir there will further increase hair 

45 follicle activity. 

Estrogens have long been used in amde 
variety of beautifying preparations. Thus 
the invention makes possible the percutane- 
ous absorption and retention of larger quan- 

50 tities of these beautifying chemical com- 



It has also been found that the retention 
of sunscreens can be increased when incor- 
porated in preparations in accordance with 
55 the invention. The utility of. this invention 
for application of sunscreens is immediately 
obvious since it is now possible for the sun- 
screen to be retained in the horny layer of 
the skin for long periods of time despite fre- 
60 quent bathing, sweating or rubbing of cloth- 
ing over the area to be protected from the 
harmful rays of the sun. Some examples of 
such sunscreens are para-aminobenzoic acid, 
amyl p-dimethylaminobenzoate, salicylic 



acid, cinnamic acid and benzophenones and 65 
their derivatives. 

Various products of crude coal tar which 
are used in the treatment of eczema, psoriasis 
and seborrheic dermatitis, such as 
"BALNETAR", an extract of crude coal 70 
tar and "SEBUTONE", a cleanser product 
containing sulfur, salicylic acid, hexachloro- 
phene and crude coal tar extract both, pro- 
duced by the Foster-Milburn Company, have 
been applied in preparations in accordance o 
with the invention have been shown to have 
enhanced retention in the horny layer. 

The beneficial photodynamic action of 
various chemical substances such as various 
derivatives, extracts components and pro-. »u 
ducts of crude coal tar for example in treat- 
ment of psoriasis by the Goeckerman 
regimen or its modifications, is also enhanced 
when such substances are applied in com- 
positions in accordance with the invention, " 

Another outstanding application of the 
present invention is in patch testing. This 
is one of the most widely used and simplest 
of methods for testing the skin to determine 
and identify sensitization and/or irritation w 
potential to various substances. It is par- 
ticularly useful in eruptions of contact 
dermatitis (dermatitis venenata) caused by 
plants, industrial chemicals, medicmes, 
cosmetics, food and household articles. 

The patch test consists of the application 
to uninjured skin, contiguous to the in- 
volved area, of substances suspected to be 
causes of the sensitivity and/or the irritation 
reaction. This is done by saturating a small 1(H) 
piece of gauze with one of these substances 
in a concentration that will not cause irrita- 
tion in the average person. It is covered by 
a piece of impermeable protective material 
such as cellophane and then applied to the 103 
skin by adhesive plaster. Ready-made 
patches are available. The patches are 
usually allowed to remain in place forty- 
eight hours (unless there is pronounced 
irritation). It may be two or three days HO 
later before a positive reaction shows, so it 
is important to watch for delayed reactions. 

There are many drawbacks in this method 
of testina. For example, the gauze and the 
tape holding it must remain in place for a 115 
protracted period. This is uncomfortable 
and inconvenient. There may even be a re- 
action of the tape. , 

Using the compositions of this invention, 
a suspected chemical may be applied to the 12U 
skin, left untouched for about five minutes 
and the subject allowed to go on his way 
without gauze pads. He may even bathe 
normally and put clothing over the area of 
application. 

Thus a process is provided by which sus- 
pected substances such as poison ivy, 
potassium dichromate, phenylene diamine, 
azo dyes, various antioxidants, epoxy resms 



and certain other plastics, can be tested mouth of an open glass well which is about 

rapidly and conveniently. 4 cm. in diameter, and secured in place 

Until recently it has been difficult to by means of elastic bands. It is important 

measure percutaneous absorption. Past not to injure the skin by excessive stretch- 

5 techniques were such that little definite work ing over the rim of the glass well. A plas- 70 

could be done because of the relatively small tic cylinder is then attached to the epi- 

concentrations of substances which pass dermis with "Duco Cement", is product of 

through the skm. The use of radioactive E. I. du Pont de Nemours & Co. The glass 

substances has simplified the measurement well is connected to a second glass well by 

10 problems allowing for more accurate deter- a glass tube. The second glass well con- 75 

mmations. Labeled compounds containing tains a stopper which can be removed so 

radioactive carbon atoms have been utilized that the wells can be filled with physiological 

to determine the rate and degree of per- saline which then bathes the corium side 

cutaneous absorption as well as retention of the skin. The test solution or suspen- 

,n ™e horny layer _ s ion containing a stable, topically active 80 

Another method of estimating per- chemical compound labeled with a radio- 
cutaneous absorption is to rely upon the active carbon atom is then applied to the 
biological actmty exhibited by the stable, epidermis contained within the small plastic 

on !°P lc f lv active compound. In this manner cylinder. After given intervals (e.g. 4 hours, 

20 the degree of percutaneous absorption of 24 hours) aliquots are removed from the 85 
topically applied glucocorticosteroids has glass well system and measured for radio- 
been determined by studying vasoconstric- activity. In this way, the amount of the 
tion and blanching of the skm caused when radioactive substance which has penetrated 
these substances reach the corium. Another can be determined. The temperature and 
example of the utilization of biological humidity are controlled by a cabinet which 90 
activity to determine percutaneous absorp- keeps a uniform environment. The radio- 
tion is the measurement of sweat secretion activity is measured in a Nuclear-Chicago 
after topical application of anticholinergics. Co. scintillation counter 

However, in testing, particularly for the Radioactivity is expressed as the number 

degree u of Percutaneous absorption, it must of counts per minute registered on the ap- 95 

be rembered that the characteristic or factor paratus at a constant efficiency. The per- 

ul^^T^ 0 determi , ne Penetration must cent of applied counts per minute penetra- 

be that of the chemical substance which is tion in 24 hours is determined, for example 

desired o_ be absorbed rather than a simply by dividing the total number of 

35 characteristic or factor inherent in the counts pe? minute recovered in 24 horns by 100 
vehicle or absorption medium. It is the counts per minute applied, then multiply- 
fallacious to assume that wherever the ing by 100. The concentration in the saline 
vehicle or medium goes the desired chemical and the corium is assumed to £ the same 
substance will go also. Experimentation and the volume added by the corium to be 

40 shows that for the most part various sub- neelisible 105 
stances, even when combined together or The technique then is briefly to apply 

dissolved in one another, have different rates radioactive labeled material to the epidermal 

of percutaneous absorption. side, incubate in a temperature and LmMity 

J5S Vlt ™ t and . m V1TO tests have been controlled chamber for 4 to 24 hours and 

1™ ?£ ^ de f ter ™S ; percutaneous ab- take samples of the saline bathing the HO 

fOfP tI0 . n . and t , re ™n. The general method corium to determine radioactivity in a 

utilized in the examples which follow for scintillation counter. Thus the percentage 

determ.ning percutaneous absorption by the of applied material which has been pen!- 

in vitro method is set out below. trated to the saline can be measured at any 

50 Leg or breast skin of normal appearance given time **>«iwi M any ^ 

is removed from surgically amputed legs This in vitro technique is modified to de- 

or breasts and immediately or after a period termine retention in the horny layer as 

of refrigeration, cut into portions, wrapped follows. Similar skin obtained at autopsy 

m air-tight containers, then placed in a is placed between two alummmm sheets and 

S fi Y £ S f - Ur suc \ ^amens are mersed in water at about 60°C. for about 

used m these experiments. At all times the two minutes, the metal plates are removed 

^£^ t f S ^ Up ^u TbaW ' fr ° m the skln ' and the epidermrjfth 

fin „rl 8 1^ room temperature about one stratum corneum is carefully removed from 

60 hour prior to use. The subcutaneous tissue the dermis in a continuous sheet 125 

scktV'nnHl X* ?; ?v der S » rfaCe T ( \ a • ^ er the e P ide ™is with stratum corneum 

scissor until the net-like pattern of the is dried on a metal gauze, squares lxl 

dermis is seen, care being taken to avoid cm. are cut from the tissue, and placed on 

cutting into the corium. The skin is then glass slides at about 32°C. and about 50% 

65 draped with the epidermis outward, over the humidity. About 0.005 ml. each of solu- 130 
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tions of suspensions containing a strife ^JlJF^JS^S^ *3K 60 

5 audi b™ are respectively placed on the placebo «eam base ^supph^d^s placebo 

pP A*S «,«hin«r the sauares of tissue are Surface counts were measured before and 73 

An d was compared with the non-DMF and centage compositions of liquid vehictes in 

40 SSL S g Md by placing each one another which are given on a volume 

on equivalent areas of the forearms. The basis. 

presence or absence of the physiologic re- F xan , B le I 100 

s tests, u. *. a« « s-^MffS ™ no 

ST^i™ ltd.**" MBized to deto- Zpl^ ^incubated at about 32-C. and 

compound labeled with a radioactive carbon are shown in Table 1. 
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24 Hour Penetration— % 



DMA (100%) 0.12 (004—025) 

Ethanol (95%) 0.02 (0.00—0.05) 



Using the in vivo radioactive labelled 
carbon method for determining retention C 14 - 
10 hydrocortisone (0.1%) was incorporated in 
DMA, DMF, and placebo cream base (sup- 
plied as placebo base for "SYNALAR 
CREAM' by the Syntex Company, Palo 



Alto, California). Aliquots of 0.01 cc. (10 
mg. placebo base) were applied to the fore- 
arm and allowed to remain in place for 60 
minutes then washed with soap and water 
and wiped with alcohol sponges. Results 
are given in Table 2 for the four 



TABLE 2 

Average % retention and range 



2SW++ 



3A-H+ 



DMA (100%) 
DMF (100%) 
Ethanol (95%) 
Cream Base 



12.2(26.5—6.5) 
9.3 (18.4—4.2) 
2.1.(4.7—0.9) 
2.5(5.4—0.8) 



7.1 (11.4 — 4.6) 
6.5(10.2—2.3) 
1.2(3.1—0.5) 
1.4(3.4-0.5) 



5.3 (8.6—3.1) 
4.2(6.5—2.2) 
0.8 (2.4—0.3) 
0.9(2.2—0.4) 



++ SW = 5 strokes of soap followed by standard rinse in tap water 
A = one firm swipe over the area with a wet ethanol sponge. 



Similar results using the above procedure 
were obtained for the C"«cortocosteroids 
triamcinolone acetonide and fluocinolone 
acetonide. 

Example HI 
Using the in vivo method based on the 
vasoconstriction activity of cortocosteroids, 
percutaneous absorption of triamcinolone 
acetonide was determined at various con- 
centrations for 10 subjects. The results are 



given below in Table 3. Four sites corre- 
sponding to the different concentrations were 
used on each patient's forearm. A 0.01 cc. 
aliquot of the appropriate preparation was 
applied to each site. The number of sites 
showing vasoconstriction were recorded in 
relation to total number of application sites 
for the particular concentration, e.g. 8/10 
means 8 subjects out of 10 show vasocon- 
striction. 



TABLE 3 

0.2% 0.04% 



0.008% 0.00016% 



DMA (100%) 

DMA (50% in ethanol) 

Alcohol (95% in water) 



... 10/10 6/10 3/10 
8/10 4/10 1/10 
8/10 1/10 0/10 



0/10 
0/10 
0/10 



55 Similar results have also been shown ex- 
perimentally using the above procedure for 
flurandrenolone acetonide. 

Example IV 
Using the in vivo labeled radioactive 
60 carbon method for determining retention C u - 
fiuocinolone acetonide (FA) was dissolved 
in ethanol (95%) and DMA (50% in 
ethanol). A 0.01 ml. aliquot was placed 
on the skin and left for 15 minutes then 
65 washed with soap and water. The 0.01% 
FA-95% ethanol exhibited 1.0% retention. 



The 0.01% FA-50% DMA in ethanol ex- 
hibited 11.7% retention. After 15 soap and 
water washes the 95% ethanol solution ex- 
hibited only .4% retention while the FA 70 
applied in 50% DMA in ethanol exhibited 
a retention of 5.3%. 

Using the exact same technique as above 
C 14 -hexopyrronium bromide exhibited a 
19.5% retention after 3 soap and water 75 
rinses when applied from 50% DMA in 
ethanol solution. Under the same circum- 
stances of application and washing this sub- 
stance exhibited only a 3.7% retention when 
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applied from a 95% ethanol solution, After cinolone ^^^^Idult^S 

thTee more sue! i washes the respective re- g-^ffitira 

tentions were 13.3% and 3.4%. Sts Se ?ven below in Table 4. Of par- 

Ktjmrf . v ticular importance is the fact that no vaso- 

Using the in S?fficLcric*r test for constriction was seen with 100% DMA ap- 

measurlig corticosteroid penetration fluo- . phed alone as a control. 





TABLE 4 


Penetration 






Com 


:entrations 0.1% 


0.02% 


0.004% 


0.0008% 


DMA 60% in ethanol 

Ethanol 95% 

DMA alone (100%) 


. ... 8/15 
. ... 5/15 
0/15 


6/15 
0/15 
0/15 


1/15 
0/15 
0/15 


0/15 
0/15 
0/15 



Tj„„mT,i» vt were determined when solubilized in the 

parations containing 0.025% C"-glycerol water washes. 

Retention 



TABLE 5 

0.025% glycerol 



in methylene chloride 50% + Isopropyl alcohol 5.2% 

in Xylol 50% in Isopropyl alcohol ... — g-uj 

in 95% alcohol (90%) + 10% Isopropyl alcohol J0.|% 

in DMA 50% + Isopropyl alcohol 50% ... * lJS ' /o 



Using the in vitro radioactive, labeled carbon method, it was i found that testo- 50 

35 carbonmethod percutaneous absorption was sterone after about 4 hours at J*^^g 

determined for the above compound when and about 50% humidity ^ P=^?""*g 

annlied in 0025% concentrations and soln- absorbed to the degree of 0.149 * m DMA 

hfS in the foflowto-lSwes ■ (1) 50% while no absorption was noted m methanol. 

40 eCol aW (3) 50%' water in ethanol. ^J^^P^^^iX 

Penetration was allowed to continue degree of 7.80% in DMA ana m 

for 24 hours resulting in 0.46% pene- methanol, 
tration for the 50% DMA preparation p^mnleVHI 

P Example Vn , a results. ... 

Using the in vitro radioactive labeled 



65 




TABLE 6 


Absorption 






4 hours % 


24 hours % 




DMA (100%) 
DMF (100%) 
Benzene (100%) ... 


. ... 0.39 
0.51 
0.02 


6.28 
3.07 
1.55 



sisting of 10% amyl p-dimethylamino- water to swim. They were exposeu u, 



sun at Miami Beach in May for at least two complexion, showed a markedly pink re- 

ho f i JE^S aPPro^ately 11:00 A.M. action. None of the subjects complained 

and 1: 00 P.M. Eight subjects showed ab- of any subjective sensation (sunburn 

solutely no signs of redness. Two subjects, irritation). i 0 
> having fair complexions, showed light pink The results are summarized below 
reactions and only one subject, having a fan- 



Subject No. 



TABLE 7 
Time After 

Application No. Days Used 



(D) 
(L) 
(D) 
(L) 
(L) 
(L) 
(L) 
(D) 
(D) 
(L) 
(L) 



1/2 hour 
1/2 hour 
1 hour 
1 hour 
1/2 hour 
1/2 hour 
1/2 hour 
1 hour 
1/2 hour 
1/2 hour 
1/2 hour 



Neg. 
Neg. 

Li Jit pink 

Neg. 

Neg. 

Markedly pink 

Neg. 

Neg. 

Neg. 

Neg. 



(D)=Dark Skin (L)=Light Skin 

Five subjects applied preparations con- aspects of the forearm. After 2 hours the 

sistmg of (A) 5% a myl p-dmiethylamino- application sites were washed thoroughly in 35 

10 £w? a R^J nd 4 r /o W a uniform manner with soap and water, 

£ 6 ai \ d (B j £& P-iT ethyI - ^ and then ^P 0 ^ to ultra-violet radia^ 

aminobenzoate and 95% DMA. The pre- tion from a hot quartz mercury lamp as a 

parations were applied with a glass rod so distance of thirty inches for three minutes, 
as to create a thm uniform film on the flexor The results are summarized below 40 



Subject No. 



TABLE 8 
U— V Reaction To 
Preparation A 



U— V Reaction To 
Preparation B 



pink 

light pink 
negative 
negative 
pink 



light pink 



pink 



™ ™ a- t su , b ^ ts a PP^ ed ,. the preparations manner as described immediately above 

dy ^ SCnbed . abov f and a with the exception that subject No. 1 washed 

prepare ion (Q consisting of 5% amyl p- the application sites thoroughly after one 

dimethylaminobenzoate and 95% water res£ hour and subject No. 2 washld the ruction 

tent cream The preparations were applied sites thoroughly after one-half hour. The 

and exposed to ultra-violet light in the same results are given below. 



Subject No. 



TABLE 9 

UV— Reaction To UV— Reaction To UV— R< 
Preparation A Preparation B Preparation C 



light pink 
very markedly pink 



negative 
negative 



Example X in 2 cc. of DMA and a second preparation 

An in vivo procedure based on fluores- containing 1 cc. of Balnetar was solubilized 

cence was ( utilized for determining the re- in 2 cc. of H„0. 0.01 cc. of both prepara- 

tention of BALNETAR". A preparation tions were applied to the forearm of a 

70 containing 1 cc. of Balnetar was solubilized healthy white male. Both areas of applica- 75 



10 



tion gave brilliant fluorescence Both areas 
were then washed equally with. 30 ^ strokes 
of soap and a water rinse 20 minutes ; ate 
application. The P"ff tt '*SjjSi 
5 as the application vehicle exhibited brilliant 
fluorescence, while the water applied pre- 
paration exhibited mild fluorescence. After 
application of 30 more soap strokes and 
a water rinse to each area tie DMA pre- 
10 paration continued to exhibit brilhant 
fluorescence while the water preparation 
showed only trace fluorescence. Applica- 
tion of thirty more soap strokes and a water 
rinse to each resulted in mild fluorescence 
15 for the DMA preparation and no fluores- 
cence for the water preparation. All per- 
centages given in this example are by 
volume. 

Example XI 
20 Hartly strain albino guinea pigs were tested 
to determine the enhancement of the photo- 
dynamic effect of anthracence, a compo- 
nent of crude coal tar, when applied m 



accordance with the instant process. 

Four guinea pigs each weighmg approxi- 25 
mately 350 grams, were used in the test. 

The dorsal surface of each pig was clipped 
and depilated using a 50% barium sulfide 
preparation. No animal manifested erythema 
from this procedure. The dorsal surface 30 
was then divided into quadrants for test 
purpose with a light opaque material, ihe 
anthracence was applied by dipping a glass 
rod into the solution and lightly stroking 
the area ten times. All materials were tested 35 
in the presence and absence of light, ine 
light source used consisted of a bank of 4 
Westinghouse FS 20 Black Light fluorescent 
tubes having an emission spectra range from 
3200 to 4500A. Target skin distance was 40 
maintained at 5 inches through wmdow glass 
for sixty minutes at a room ^ temperature ot 
68 °_70°F. and humidity of 30% to 40%. 
All animals were assessed in terms of 
erythema response 24 hours later. Results 45 
. of the test are listed below. 



TABLE 10 

ANTHRACENCE PHOTODYNAMIC EFFECT 



24 Hour Erythema in Guinea Pigs 



5X10^M Anthracene in DMA 
5xl0-"M Anthracene in Ethano 

lCT'M Anthracene in DMA .. 
10 -3 M Anthracene in Ethanol .. 

10~ 3 M Anthracene in DMA 
10-=M Anthracene in Ethanol .. 

10 _3 M Anthracene in DMA .. 
10- 3 M Anthracene in Ethanol .. 

lO-'M Anthracene in DMA .. 
10- 3 M Anthracene in Ethanol .. 

10" 3 M Anthracene in DMA 
10" 3 M Anthracene in Ethanol .. 

lO-'M Anthracene in DMA .. 
10" l M Anthracene in Ethanol 



Black Light 
0 



No Light 



1.5 
0.5 



The solvents were used in 100% concentrations in each instance. 
The erythema scale used for all studies is as follows: 

0 = No erythema 

0.5 = Questionable erythema 

1 = Minimal but definite erythema 

2 = Moderate erythema 

3 = Considerable erythema 

4 = Maximal buck red erythema and edema 



1,158,283 
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Example XII 
Tetracycline retention was tested in the 
same manner as described concerning 
"BALNETAR" in Example X. Prepara- 
5 tions containing 0.01 cc. of 250 mg. of 
"BALNETAR" in 5 cc. H z O and 250 mg. 
of "BALNETAR" in 5 cc. DMA were ap- 
plied and after 30 minutes given a first stan- 
dard wash as in Example X. The DMA 

10 preparation showed bright fluorescence and 
the water preparation only faint fluores- 
cence. After a second standard wash the 
DMA preparation showed mild fluorescence 
and the water preparation showed no fluor- 

15 escence. After the third standard wash the 
DMA preparation continued to display faint 
fluorescence and the water preparation 
showed no fluorescence. 

Example XIII 

20 The in vivo method using labeled radio- 
active carbon was used for determining re- 
tention with sulfur supplied as labeled S 36 . 
Preparations of S 3S were prepared as fol- 
lows: (1) Sulfur— 35 in 50% ethanol in 

25 water; (2) Sulfur— 35 in liquid shampoo + 
50% H 2 0; and (3) Sulfur— 35 in liquid 
shampoo + 50% DMA. 

A 0.01 cc. aliquot of each was applied 
to the forearm for about 20 minutes and 

30 then washed with soap and water in uni- 



form manner. The measured 
retention was as follows: (1) 11.7% 
11.7%; and (3) 29.5%. 

Example XIV 
Using an in vivo method for determining 35 
retention based on the staining effect of 
Iodine (similar to the fluorescence studies 
of Example X) the following preparations 
were made: (1) 0.1 cc. 2% Iodine in 95% 
ethanol + 0.1 cc. DMA; (2) 0.1 cc. 2% 40 
Iodine in 95% ethanol + 0.1 cc. H„0; (3) 
0.1 cc. 2% Iodine in 95% ethanol + 0.1 
cc. 95% ethanol; and (4) 0.1 cc. 2% Iodine 
in 95% ethanol + 0.1 cc. Lotion Base 
(Squibb). A 0.01 cc aliquot of each was 45 
applied to the forearm. These were then 
left in place on the forearm for 10 minutes 
and then washed with 10 strokes of soap 
and water and standard rinse. A brown 
stain was intense at 1. Faint stains were 50 
barely visible at 2, 3 and 4. 

Example XV 
For purposes of determining the effect of 
time upon percutaneous absorption and /or 
retention labeled C^-triamcinolone aceton- 55 
ide was applied utilizing various vehicles 
and the retention was measured as shown 
below in accordance with the in vivo radio- 
active carbon retention method. 



0.025% C 14 -Triamcinolone Acetonide in - 



Retention After Washing 



5 Min. 3 Hours 6 Hours 



DMA (60—70% in ethanol) 
65 DMF (60—70% in ethanol) 
Ethanol (50—95% in water) 

Cream Base * 

Lotion Base ** 



* Cream Base 
** Lotion Base 



= "SYNALAR" Cream I 
= Squibb Lotion Base. 



18.2% 



17.0% 17.2% 

11.9% 11.9% 

3.0% 2.4% 5.1% 

1.4% 1.9% 4.8% 

2.3% — 5.0% 



The high retention level of triamcinolone 
acetonide in the horny layer is thus shown 
to be achieved by about 5 minutes expos- 
ure to DMA and DMF with additional ex- 

75 posure causing little or no additional reser- 
voir build up. This experiment again shows 
the utility of the instant process in creating 
higher levels of retention than can be 
achieved with conventional methods of ap- 

80 plication and known vehicles. 

Example XVI 
In order to determine the effect of time 



upon the retention of hexachlorophene a 
series of in vivo labeled radioactive carbon 
tests were run for determining retention. 85 

Three preparations containing 10 mg. 
C 14 -hexachlorophene in (A) 30 mg. un- 
labeled hexachlorophene and 1 cc. DMA; 
(B) 30 mg. unlabeled hexachlorophene and 
1 cc. DMA in 2% "Methocel 1" (Regis- 90 
tered Trade Mark); and (Q in "PHISd- 
HEX" (Registered Trade Mark). An 0.01 
cc. aliquot of each of the above prepara- 
tions was applied to the dorsum of the fore- 
arm and left in place for 12 minutes and 95 



then removed by uniform washing. The percent retention 
given below. 



after various washings 



10 soap strokes and rinses 
80 soap strokes and rinses 
160 soap strokes and rinses 
160 soap strokes and rinses 

14 alcohol swipes 

2 days later 



50% 57% 

34.4% 27.7% 

18.1% 22.4% 

12 - 3 °/° \ 7 A% 

6.0% 10.2% 

1.6% 2.1% 



0.5% 
0.3% 



0.06% 
0.03% 



A 0.06 cc. aliquot of preparations B and jOgcond. and remov^g 



TABLE 13 



10 soap strokes and water rinse 
20 40 soap strokes and rinsing 
5 minute soap scrub 
5 minute soap scrub 
2 days later 



97 - 7 °/° 6 Sh 

73.8% 2-8% 

34.1% 1-0% 

17.4% 0.3% 

2.8% 0.05% 



A 0.06 cc. aliquot of Potions J ^d to the palm of each handed left m place 

25 ^ws^sssss |HinS ionaftervariouswash - 30 

m 1 cc. of diethyl acetamide was applied mgs is given oeiow. 

TABLE 14 



12 soap strokes and water rinse ... 
35 80 soap strokes and water rinse ... 
5 minute soap scrub 



' 45 6% 1-4% 21 - 4 % 
22.0% 0.3% 8.9% 
51% 0.05% 1.8% 



Preparations containing 10 mg. of C"- don was allied 

hexachlorophene added to (A) 1 .cc. ofa an allowed to remam ^ ^ ^ 

3% solution of hexachlorophene m DMA ^J^q Rinses with water. The per- 

40 ?&&^£S2&3ff?Z SiSL after one and two days is 



of hexachloropnene ^ rnwunnA j ~ — ----- 
tested A 0.01 cc. aliquot of each prepara- given below. 



TABLE 15 



Preparation 



Day 1 



Day 2 



1.7 —2.2% 
0.08—0.06% 



0.7—1.3% 
0.0-0.0% 



Using the preparations and procedure then washed with soap and water. The per- 
given immediately above, a 0.01 cc. of each cent retention measured at specified time 
preparation was applied with a pipette and intervals is given below. 









Amount Retained 










30 sec. 


60 sec. 


120 sec. 


180 sec. 


30 min. 


10 20 soap strokes 
and 
10 H 2 0 rinses 


.. A 
B 


2.8% 
0.5% 


4.6% 
0.6% 


10.6% 
1.0% 


17.1% 
0.7% 


46.2% 
3.0% 


40 more soap stroke; 
and 

15 10 H 2 0 rinses 


i A 
B 


2.3% 
0.3% 


3.5% 
0.3% 


7.5% 
0.3% 


10.8% 
0.3% 


not done 
not done 


80 more soap strokes 
10 H„0 rinses 


5 A 
.. B 


1.4% 
0.1% 


2.3% 
0.1% 


5.7% 
0.2% 


5.8% 
0.1% 


33.2% 
1.5% 



80 more soap strokes 

and 
10 H a O rinses 



A 0.8% 1.5% 3.4% 
B 0.02% 0.03% 0.06% 



3.9% 
0.04% 



28.9% 
0.6% 



After the above procedure and a vigor- 
ous 5 minute soap scrub, the horny layer 
was removed with successive Scotch tape 

25 stoppings. Over 95% of the remaining 
counts (representative radioactive C"-hexa- 
chlorophene) were removed along with the 
horny layer. This conclusively shows the 
existence of a reservoir or depot in the 

30 horny layer for retention and the build up 
of high concentrations of the beneficial com- 
pound in the reservoir when applied accord- 
ing to this process. 

Example XVH 

35 Different germicidal agents and antibio- 
tics were tested in DMA and water to assay 
the retention of their germicidal activity. 
The particular preparation was applied to 
the skin and left in place for from 5 to 10 

40 minutes and then removed by washing. 
Scrapings of the horny layer were implanted 
on blood agar plates innoculated with or- 
ganisms (staphylococcus albus and alp/ta 
streptococcus. C. albicans and Trichophyton 

45 tnentagrophytes) to test the inhibitory acti- 
vity of these horny layer scrapings. Such 
scrapings were taken before and after wash- 
ing and once daily as long as activity re- 



mained. Six adult volunteers had the test 
preparations applied to their forearms (0.01 
cc. to each spot). After 15 minutes a scrap- 
ing of horny material from each area was 
taken and implanted on the appropriate 
medium to observe antimicrobial action, if 
any. Then the areas were washed in run- 
ning tap water with gentle rubbing of the 
areas while the water ran over the areas 
This rinse was for 30 seconds. Scrapings 
were also taken after the rinse and placed 
on the appropriate media to observe antimi- 
crobial activity. 

The media were (1) blood agar plates 
innoculated with staphylococcus albus and 
alpha streptococcus before implanting 
horny material scrapings; (2) corn meal agar 
(pour plates) innoculated with C. albicans 
before implanting scrapings; (3) Sabouraud 
media (pour plates) were innoculated with 
T. mentagrophytes (stock culture) before 

imnlanttrni srrnnJtKrc 



The following preparations were tested: 

(A) Precipitated sulfur (200 mg.) in 10 

(B) Precipitated sulfur (200 mg.) in 10 
cc. Distilled H 2 0; 



1,158,283 



^SSSSSwfa (20 **) * 1 CD Tettacycge (20 xng.) in 1 cc. j*. 

(D) I^doXnydroxyquia (20 mg.) in 1 CD H^hlSrophene (20 nag.) in 1 cc. 

(E) £ffiSa?S m ,> M 1 cc. (0 S^ne (20 mg , in 1 cc 
(P) E^ycM (20 mg.) in 1 cc. » fi^S^^^ES 

Tefrt|cSe(20 mg.)inlcc.DMA; are summarized below: 



(G) T< 



1,158,283 
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TABLE 17 



No. of Subjects showing Good Inhibition 
Out of Total of Six, Subjects Treated 



Culture Media 



Horny Material From Areas 12 3 
Treated With Preparation _ 



10 



20 



(A) — before washing 

after (l^dayf "." 
after (2 days) ... 






6 
5 
4 
2 


(B) — before washing 

after washing 

after (1 day) 

after (2 days) 






6 
2 
0 
0 


(Q— before washing 

after washing 

after (1 day) 

after (2 days) ... 


6 6 
5 6 
3 3 (sligl 
2 (slight 1 (sligl) 
inhibition) 


6 
6 

it) 2 (slight) 
it) 0 


(D) — before washing 

after washing ... ... 

after (1 day) 


6 
1 

1 (possible 


6 
2 
0 


6 
1 

0 


after (2 days) 


slight) 

0 


0 


0 


after washing^ 

after (1 day) 

after (2 days) 


6 
5 

2 (fair) 
1 (slight) 






(F)— before washing 

after (Tdayf Z Z 
after (2 days) 


6 
2 
0 






after washing 8 ... Z 
after (1 day) 


5 
3 
0 






(H)— before washing 


5 
1 
0 






after washing 

after (1 day) 

after (2 days) 






(I)— before washing 

after washing 

after (1 day) ... 

after (2 days) 

after (3 days) 


6 
5 
2 

1 (fair) 
1 (fair) 






(J) —before washing 

after washing 

after (1 day) 


6 
1 
0 







cording to the present process. £ a S wto the stable, topically active 

5 Chloromycetin and oleandomycin were c ™ pound s or with other additional phar- 70 

also retained well when applied in DMA ^ a£ | ut i ca Uy acceptable surface active 

Sd maintained good bacterial antibiouc ™ enul l si fiers, solvents, vehicles or 
activity in the horny layer for over 24 ^ pharmaceuticals acceptable bases, 

hours "after a 10 minute application fol- ^ ^ ^ cwjpag^ ?5 

10 lowed by a washing. aU proportions with the 

r^T^tft^^ t£ been shown that the 

Imch bSSs ^ t^ 7 These punch t ceatBgB .<rf amide in the Phantom is ap- 

GIT? hnplanted on blood agar prox i m ately directly F^P 01 ^^ 

KSJ with streptococcus more amide utilized the i?eater the degree 

9n & ^SSSSLTSte. both of which o£ percutaneous absorption and retention. 85 

20 wSe SSe to tetracycline by the disc Thu P s the only limitations ^^J^°^ 

Sod M^ny such experiments were comp0 nents in any given preparation are 

S Ata t 50« of the time, the skin dictated by practical considerations. 

Sed wS DMA md tetracycline would ^fcan, of course, use preparations can- 
25 S somf inhSfon of growth.. The water iq 0 % amide. Howeve s^cS- 90 

and tetracycline failed to show inhibition at ^ a certain leveling effect at the upper con 

Inv t me Erythromycin, dimethylch or- cent ration of amide used and since one 

"Sespite attempts to insnte » « 'SfSiK 

35 istics cf skin vary somewbat |S»m_ subject » ^/^onlf 0.001% stable, topically ac 

SS d^Sr^uaSiSr — five —.da can be appiied w.th bene- 

achie/ed in »n« .rf the atove e> jettaatj. flcjal rejnta 



1,158,283 



to be applied to the skin and having bolite. solubilized in a phannaceutically ac- 
:ased percutaneous absorption through septable vehicle having as one component 35 
retention in skin as hereinbefore defined an amide having the structural formula: 



tion „ 
increased r „ 

and retention in skin as hereinbefore defined 
which comprises solubilizing a stable, topic- 
5 ally active beneficial chemical compound as 
hereinbefore denned in a pharmaceutically 
acceptable vehicle having as one compon- 
ent an amide having the structural formula: 



10 wherein R 1 is a hydrogen or methyl radical, 
R 2 is a hydrogen or alkyl radical contain- 
ing not more than 2 carbon atoms; and R 3 
is an alkyl radical containing not more than 
2 carbon atoms. 

15 2. A process according to claim 1, in 
which the amide is N,N-dimethyl acetamide; 
N,N-dimethyl formamide or N,N-diethyl 
acetamide. 

3. A process according to any one of 
20 the preceding claims, in which from 0.001 % 

by weight to 80% by weight of the stable, 
topically active beneficial chemical com- 
pound is solubilized in from 99.999% by 
weight to 20% by weight of the pharmaceu- 
tically acceptable vehicle. 

4. A composition to be applied to the 
skin and having increased percutaneous ab- 
sorption through and retention in skin com- 
prising a stable, topically active chemical 

30 compound which is an anti-acne agent, an 
anti-inflammatory agent, an anticholinergic, 
an emollient, a sex hormone, crude coal 
tar, an antipsoriatic agent or an antimeta- 



25 



O 

R'-C— N< R 
R 3 

wherein R 1 is a hydrogen or methyl radical, 
R 2 is a hydrogen or alkyl radical contain- 
ing not more than 2 carbon atoms; and R 3 40 
is an alkyl radical containing not more than 
2 carbon atoms. 

5. A composition according to claim 4 
in which the topically active chemical com- 
pound is anthracene. 45 

6. A composition according to claim 4 
in which the topically active chemical com- 
pound is sulfur. 

7. A composition according to claim 4 

in which the topically active chemical com- 50 
pound is glycerol. 

8. A composition according to claim 4 
in which the topically active chemical com- 
pound is testosterone. 

9. A process for producing a composi- 55 
tion to be applied to the skin according to 
claim 1 substantially as hereinbefore des- 
cribed with reference to the Examples. 

10. A composition to be applied to the 
skin according to claim 4 substantially as 60 
hereinbefore described with reference to the 
Examples. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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